We have used the expression patterns of genes known to be important during early Drosophila development to determine the segment-parasegment organization of the genital discs and to localize the three primordia in the male and female genital discs. eng railed (en) and hedgehog (hh) were used to locate posterior compartments in A8-AlO, while cubitus interruptus (ci) localized the anterior compartments for each segment. decapentaplegic (dpp) identified the anterior cells that abut en and hh at the anterior-posterior border. abdominal-A (abd-A) identified the anterior compartment for abdominal segment 8 (aA8) in females but was not detected in the repressed female primordium in male discs. Abdominal-B (Abd-B) was expressed throughout the discs except for a small area along the edge of the posterior lobes, leaving open the possibility that A11 may contribute to the genital discs. caudal (cad) was expressed segmentally in the anal primordium of AlO, extending through the Abd-B unstained region. wingless (wg) and gooseberry (gsb) may have assumed an added role in the discs perhaps providing proximal-distal cues. Models are presented to show how the segments and parasegments may fuse together during embryogenesis to form the mature male and female genital discs.
Introduction
In Drosophila melanogaster, the body plan is laid down very early in development by five classes of genes. The expression and interaction of these developmental genes establishes the segmental and parasegmental organization (reviewed by Lawrence, 1992; St. Johnston and Niisslein-Volhard, 1992) . Although the body design of the adult fruit fly is based on a segmental register, parasegments are the basic units of organization in the embryo (Lawrence, 1992) . Because of this difference in body arrangement, it is important to establish the relationship between segments and parasegments. Drosophila embryos are organized into 15 parasegments (SanchezHerrero, 1991) . A parasegment consists of the posterior compartment of one segment and the anterior compartment of the next segment (Martinez-Arias and Lawrence, 1985) . Littlefield and Bryant (l979a, b) , Epper and Nothiger (1982) and Epper (1983a) any adult structures (Nothiger et aI., 1977; Epper and Nothiger, 1982; Epper, 1983a) . Although a great deal is known about the morphology of the male and female genital discs, little is known about the segmental and parasegmental organization of the discs. The segmentaVparasegmental organization of the Drosophila embryo has been extensively mapped by studying the expression patterns of the different classes of developmental genes. The expression patterns of these genes have been localized in embryos using immunocytochemical detection techniques as well as by in situ hybridization. In this study, the expression patterns of the segment polarity genes engrailed (en), cubitus interruptus (ci), hedgehog (hh), wingless (wg) , and gooseberry (gsb), as well as the homeotic genes abdominal-A (abd-A), Abdominal-B (Abd-B), and caudal (cad) , and the imaginal disc-specific decapentaplegic (dpp) have been localized in the genital discs.
The objectives of this study are: to determine the expression patterns of developmental genes in genital discs; to map the segmental/parasegmental organization of the male and female genital discs; and to localize the three primordia in male and female genital discs.
Results
When determining the expression patterns of developmental genes in larval genital discs, it is important to note that the genital discs are three-dimensional structures. Not only do they have dimensions of height and width, but depth as well. The genital disc is an invaginated single layer of epithelium. Due to complex folding of the epithelium, gene expression can appear to localize to an exterior surface or be located within a fold and appear internal. Bilateral symmetry is another feature unique to genital discs as opposed to other imaginal discs. Due to symmetry, gene products are expressed as mirror images across the sagittal midline. A third feature of genital discs is that they develop from the fusion of three embryonic segments, whereas most other discs develop from only one segment. Gene expression is, therefore, localized to three segments instead of one.
Expression patterns of the some of the genes used for this study were assayed by antibody staining. Others were assayed by using a reporter gene.
Morphological observations
Diagrams of the female and male genital discs ( Fig.  lA-D) have been modified from Littlefield and Bryant (1979a,b) , Epper and N6thiger (1982) and Epper (1983a) . The diagrams provide morphological landmarks and the general regions of the female and male genital primordia and anal primordium viewed from the ventral perspective (Fig. lA,B) , and from the lateral perspective (Fig. lC,D) .
The female genital disc consists of two bilaterally symmetrical anterior-ventral lobes which form the thickest part of the disc and occupy most of the ventral side of the disc (Fig. lA,c) . The female primordium resides in this region. The repressed male primordium localizes to the anterior end of the disc (Fig. lC) , while the anal primordium is found within a thin layer of tissue on the dorsal surface, occupying a position from mid-dorsal to ventral ( Fig. 1 C) .
The male disc consists of two bilaterally symmetrical bulbi in the anterior half of the disc which form the thickest part of the disc (Fig. lB) . The male primordium localizes to the bulbi and extends to the more posterior lateral lobes (Fig. lB) . The repressed female primordium occupies a position on the posterior ventral side of the disc (Fig. lD) so that the ventral side of the disc remains thin in its anterior half but thickens in its posterior half. The dorsal side of the disc is thin anteriorly, becoming somewhat thicker posteriorly where the anal primordium resides (Fig. lD) .
Gene expression infemale genital discs

eng railed
Three regions of en expression are apparent in female genital discs ( Fig. 2A,B) . en expression localizes to two bilaterally symmetrical bands on the ventral epithelial surface that extend from the anterior side laterally then posteriorly on the lateral sides of the disc and stop before reaching the posterior lobes (see arrow 1, Fig. 2A,B) . A second region of en expression localizes to two bilaterally symmetrical bands extending from the anterior side of the dorsal epithelium laterally then posteriorly on the lateral edges of the disc and stopping just below the ventrallateral bands (see arrow 2, Fig. 2A,B) . A third, smaller region of en is expressed in two bilaterally symmetrical bands along the rims of the posterior lobes (see arrow 3, Fig.2A,B) .
hedgehog
The expression of hh mimics the expression of en in female discs, localizing to three bilateral regions of the disc: two ventral lateral bands (see arrow 1, Fig. 2C,D) ; two dorsal-lateral bands (see arrow 2, Fig. 2C,D) ; and two bands on the posterior lobes (see arrow 3, Fig. 2C,D) .
cubitus interruptus
ci is expressed on the entire side of the ventral epithelium with the exception of two bilaterally symmetrical regions located on the anterior ventral edges of the discs (see arrow, Fig. 2E ). A lateral view of ci expression in a female disc shows no staining on the posterior lateral edge of the dorsal epithelium (see arrow, Fig. 2F ). These regions of non-expression coincide with the ventral lateral regions of en and hh expression. A double stain of hh and ci (Fig. 2G ) reveals that hh and ci are located in adjacent regions, but are not expressed coincidentally. hh is expressed in an anterior lateral position to ci which localizes to medial regions of the disc.
wingless
wg expression localizes to three areas in the female disc. A large region of wg expression is detected in the medial half of the anterior-ventral region of the disc (see arrow 1, Fig. 2H ). This region extends to the ventral onethird of the disc and to the anterior three-fourths (Fig.  2H,I ) of the disc. A second region of wg expression is located bilaterally on the posterior-most edges of the posterior lobes (see arrow 2, Fig. 2H ). A third band of wg is detected in a double stain of en and wg along the edge of the dorsal epithelial tissue that has folded ventrally (see arrow 3, Fig. 2J ). The double stain also reveals that the large anterior-ventral wg region abuts the anterior-most edge of the ventral-lateral en band (see arrow 1, Fig. 2J) ; however, wg is not expressed along the entire margin of en as it is in embryos. The wg regions on the posterior lobes abut the posterior-lobe en bands (see arrow 2, Fig.  2J ) and en partially encircles wg in this region (see arrow, Fig. 2K ). The registration of wg with the dorsal-lateral en bands cannot be determined and there is no apparent association of en with wg expression on the ventral fold of the dorsal epithelium (Fig. 2J ).
decapentaplegic
In female discs, there are two regions of dpp expression. Two large bilaterally symmetrical bands of dpp are expressed on the lateral edges of the ventral epithelium and extend to the anterior side (Fig. 2L) . A double stain of dpp and en reveals a second region of dpp expression on the lateral sides of the dorsal epithelium (Fig. 2M,N) . This double stain also reveals that dpp abuts en at three points. The ventral-lateral dpp bands are expressed posterior and adjacent to the ventral-lateral en bands and seem to abut the entire margin of en (see arrow 1, Fig. 2M ). The dorsal-lateral dpp bands are expressed anterior and adjacent to the posterior-lobe en bands (see arrow, Fig .  2N ); however, dpp is not expressed along the entire margin of en in this region. The dorsal-lateral en bands also appear to abut the dorsal-lateral dpp bands on the lateral sides of the disc, but only at the posterior-most extension of the en bands (see arrow 2, Fig. 2M ).
gooseberry
gsb expression is restricted to one region in female discs, located medially on the anterior-ventral side of the disc (see arrow, Fig. 20) . A double stain of gsb and wg (not shown) shows that wg and gsb are expressed coincident in the anterior-most part of the disc, but gsb extends slightly further posteriorly on the ventral side than wg.
caudal
cad is expressed in the posterior third of the dorsal epithelium ( Fig. 2P ) and extends posteriorly to the posterior lobes ( 
abdominal-A
Expression of abd-A is restricted to the female disc where it is expressed in a large anterior-ventral region of the disc (Fig. 2V ). This region occupies approximately two-thirds of the ventral side of the disc and extends to the anterior three-fourths of the disc. A double stain of abd-A and hh ( Fig. 2W ) reveals that hh is expressed in an anterior-lateral position to abd-A on the ventral side of the disc.
Abdominal-B
In female discs, Abd-B expression localizes to the entire ventral, anterior and dorsal sides of the disc; however, a small area along the edge of the posterior lobes does not express Abd-B (Fig. 2X ).
Gene expression in male discs
Engrailed
Three regions of en expression are seen in the male disc. en is expressed bilaterally in a large region of the dorsal half of the anterior bulbi (see arrow 1, Fig. 3A 
-C).
A second region of en is expressed bilaterally along the rim of the posterior lobes, similar to the pattern seen in female discs (see arrow 2, Fig. 3A,C) . A third, thinner band of en extends across the central region of the ventral side of the disc and stops before reaching the lateral lobes (see arrow 3, Fig. 3A,C) . A lateral view of the male disc (Fig. 3C) shows the separation of these bands which is not apparent from ventral views.
hedgehog
hh mimics the expression of en in male discs, localizing to three areas. Two large bilaterally symmetrical regions of hh expression are seen in the dorsal half of the anterior bulbi (see arrow 1, Fig. 3D ). Two smaller bands of hh are expressed bilaterally along the rim of the posterior lobes (see arrow 2, Fig. 3D ), and a thin band is apparent across the central region of the ventral side of the disc (see arrow 3, Fig. 3D ).
cubitus interruptus
Localization of ci in male discs identifies a large region of expression on the anterior-ventral side of the disc as well as expression on the lateral lobes (Fig. 3E) . A lateral view (Fig. 3F) shows a large area of nonexpression on the dorsal side of the anterior bulbi (see arrow),while a posterior view (Fig. 3G) shows a second smaller region of non-expression on the posterior edge of the posterior lobes (see arrow). These regions of nonexpression correspond to the areas of en and hh expression as revealed in a double stain of hh and ci (Fig. 3H,I ).
wingless
wg expression localizes to four areas in the male disc. A large area of wg expression localizes to the medial third of the anterior-dorsal side of the anterior bulbi (Fig. 3J) . A double stain of wg and en (Fig. 3K) shows that this large anterior wg region abuts the en regions in the dorsal part of the anterior bulbi. A second region of wg is expressed bilaterally on the posterior-most edges of the posterior lobes (see arrow, Fig. 3J ). These wg patterns abut en on the posterior lobes (see arrow I, Fig. 3L) . A third region of wg expression is found in a thin band that extends across the center of the ventral side of the disc and is located in an adjacent, posterior position to the en band found in this region (see arrow 2, Fig. 3L ). A fourth area of wg expression is located medially along the posterior edge of the disc (see arrow 3, Fig. 3L) ; however, it does not appear to be associated with any of the regions expressing en. 
The male disc shows three regions of dpp expression as revealed in a double stain of dpp and en (Fig. 3M) . In the anterior bulbi, dpp is expressed bilaterally in the posterior-most part of the lateral sides of the anterior bulbi (see arrow 1, Fig. 3M ). Although a ventral view of an en and dpp double stain (Fig. 3M) suggests coincident expression of en and dpp in this region, a lateral view (Fig.  3N) shows that this dpp region is actually located ventral and adjacent to en (see arrow). A second region of dpp expression is located on the lateral edge of the dorsal epithelium, just anterior to the en bands expressed on the posterior lobes (see arrow 2, Fig. 3M) . A third region of dpp is located on the ventral epithelium and is expressed adjacent and lateral to the mid-ventral en stripe (see arrow 3, Fig. 3M ).
gooseberry
gsb is expressed on the anterior-ventral edge of the male disc (Fig. 30) . A hh and gsb double stain (Fig. 3P) shows that hh and gsb abut along a ridge on the anterior side of the disc before gsb extends to the ventral side of the disc. A double stain of dpp and gsb (Fig. 3Q ) reveals that dpp is expressed lateral to, but does not abut, gsb in the anterior bulbi. A lateral view of the dpp and gsb double stain also clearly shows the three separate regions of dpp expression (see arrows, Fig. 3R ).
caudal
The expression of cad in male discs is similar to that seen in female discs. In male discs, cad is expressed in the posterior half of the dorsal epithelium as seen in a double stain of hh and cad (Fig. 3S ) and extends to the posterior lobes (Fig. 3T) . The double stain of hh and cad also reveals that in male discs, cad is expressed coincident with the hh bands expressed on the posterior lobes (see arrow , Fig. 3T) ; however, the large hh region expressed in the anterior bulbi is not expressed coincident with cad (see arrow, Fig. 3S ). As in the female disc, wg is expressed coincident with cad in the posterior lobes (not shown).
Abdominal-B
Abd-B appears to be expressed on the entire ventral and anterior sides of the male disc as well as the anterior three-fourths of the dorsal side (Fig. 3U) ; however, a large area on the posterior-dorsal part of the disc does not express Abd-B (see arrow, Fig. 3U ).
Discussion
Segmentallparasegmental organization of the female genital disc
A hypothetical model showing how the segmentall . parasegmental organization of the female genital disc could have developed from the embryonic pattern is presented in Fig. 4 . This model localizes segment A8 to the ventral side of the disc, segment A9 to the dorsal-anterior side of the disc, and segment Al 0/11 to the posterior side of the disc. The data presented in this study support and extend the conclusions reached by Epper and N6thiger (1982) . In female discs, three posterior compartments can be identified by the expression of en and hh, which extends the role both genes play during embryogenesis (DiNardo et ai., 1985; Kornberg et ai., 1985; Lee et ai., 1992; Tabata et ai., 1992) . Since genital discs develop from a fusion of embryonic segments A8, A9 and AI0 (Epper, 1983a) , the three areas of en and hh expression must represent the posterior compartments of A8, A9 and A 10 (Fig. 4A,B) , while ci specifically localizes to the anterior compartment as it does in embryos (Eaton and Kornberg, 1990; Slusarski et ai., 1995) . Although posterior compartments of A8 and A9 have been identified in embryos, only indirect evidence exists for pAlO (Kuhn et ai., 1992 (Kuhn et ai., , 1995 . In an analysis of en mutants, en was needed for expression of all three genital primordia, suggesting that all three require a posterior compartment (Epper and Sanchez, 1983) . The data presented in this study provide evidence for posterior compartments in all three primordia: the female genital primordium (segment A8), the repressed male genital primordium (segment A9), and the anal primordium (segment A10). The ventral-lateral en and hh bands localize the posterior compartment of segment A8. This conclusion was reached by examining the expression of hh in relation to abd-A expression. Since abd-A is specific for PS7-PS13 (pA1-aA8) in embryos (Karch et ai., 1990; Macias et ai., 1990) , the region of abd-A expression delineates aA8. The ventral-lateral hh bands abut this abd-A region on the anterior-lateral sides of abd-A, whereas the other two hh bands do not abut abd-A. Although the ventral-lateral hh bands are anterior to abd-A in the disc, they were expressed posterior to abd-A in the embryo. When the genital discs are formed from the embryonic epidermis, segment A8 of the embryo folds ventrally (Fig. 4C) ; thus, the anterior-posterior ori- entation on the ventral side of the disc is reversed (Littlefield and Bryant, 1979b; Epper and N6thiger, 1982) .
The dorsal-lateral bands of en and hh identify pA9.
These bands are located in the anterior half of the dorsal epithelium, where clonal analyses have located the repressed male primordium (Epper, 1983a) . Since the male primordium is derived from segment A9, this region must be segment A9 and the en and hh bands found here must identify pA9. en and hh expression along the rim of the posterior lobes localize the posterior compartment of segment A10. This conclusion is based on the coincident expression of hh and cad in this region. In embryos, it is unclear as to whether cad is expressed in PS15 (pA9-aAlO) as has been previously suggested (Macdonald and Struhl, 1986 ), or whether the anterior limit of expression is the AlO border (Kuhn et aI., 1995) . If cad is expressed in AlO, the hh and en bands of the posterior lobes must represent pAlO. If cad is expressed in PS15, it should only be coincident with the dorsal-lateral bands of en and hh in pA9. Since the dorsal-lateral bands of en and hh (pA9) are not expressed coincident with cad, cad is expressed in segment A10, not in PS15 in the genital discs. Therefore, the hh bands expressed coincident with cad on the posterior lobes identify pAlO.
Since the ventral-lateral en bands abut wg in the anterior-ventral part of the disc, the parasegment border between aA8 and pA8 remains intact. However, wg is not expressed along the entire margin of the en bands as it is in early embryos (Akam, 1987; Baker, 1988; Hooper and Scott, 1992) . The pattern observed indicates that the posterior compartments have migrated laterally in the anterior half of the disc while the domain of aA8 has expanded in the medial part of the disc (Fig. 4) . This same pattern is observed in the dorsal-lateral en bands and the en bands located on the rim of the posterior lobes. Whether the dorsal-lateral en bands abut wg cannot be determined; however, the en bands on the posterior lobes do abut wg. The expression pattern of wg in the posterior lobes is coincident with cad, localizing it to aAlO. Since wg and en mark parasegment borders, the parasegment border marked here must be the border between PS15 and PS16 (aAlO and pAlO). The double stains of hh and cad and cad and wg indicate that cad extends past the point of hh and wg expression in the posterior lobes. This presents the possibility of an eleventh segment (Fig. 4) ; however, this cad extension could simply mean that aAlO has migrated posteriorly. Lack of Abd-B expression along the posterior periphery also indicates the possibility of an eleventh segment (Fig. 4) . If Abd-B is expressed through PS15 (pA9-aA10) as observed in embryos (Celniker et aI., 1989; Kuhn et aI., 1995) , the region that does not express Abd-B must represent either pAlO or aAll. However, since there is no expression of en or hh in this region, it is not a posterior compartment and, therefore, appears to be aAll. The faint band of wg expressed medially on the dorsal epithelial tissue that has folded ventrally could also possibly mark aA11.
Although the parasegment borders between wg and en are maintained, wg does not mark the entire parasegment border in genital discs. That role seems to have been taken over by dpp. dpp is expressed adjacent to en along the entire margin of the ventral-lateral bands of en, but not along the entire margin of the dorsal-lateral and posterior-lobe bands of en. In embryos, dpp is expressed on the lateral sides of the embryos, just anterior to en (Blackman et aI., 1991) . However, in wing and leg imaginal discs, dpp is expressed along the entire anterior margin of en and is believed to define the anterior-posterior compartment boundary (Masucci et aI., 1990) . In genital discs, dpp is expressed along the entire margin of the ventrallateral en bands and marks the anterior-posterior compartment border between aA8 and pA8. The dpp band expressed between the dorsal-lateral en band and the posterior-lobe en band is difficult to interpret. Although it clearly is expressed anterior to the posterior-lobe band of en, the registration of dpp with the dorsal-lateral en band is unclear.
The expression pattern of wg and gsb has expanded from stripes on the anterior side of the parasegment border in embryos (Baker, 1988; Hooper and Scott, 1992) to a large area on the anterior side of the disc and two small areas on the posterior-most edges of the posterior lobes. This change in expression pattern is similar to that seen in leg and wing imaginal discs. In leg and wing discs, wg no longer occupies a parallel stripe to en as it does in embryos, but it expands to a large sector of the disc (Bryant, 1993; Couso et aI., 1993) . wg is believed to assume a new role in leg and wing discs by determining the proximaldistal axis (Couso et aI., 1993) . Since wg is expressed in the most proximal and most distal parts of the genital discs, it is possible that wg plays some role in defining the proximal and distal ends of the genital disc. It is also possible that gsb may assume a similar role proximally since wg and gsb are coincident in this region. The establishment of a proximal-distal axis in wing and leg discs is believed to playa role in limb formation (Bryant, 1993; Couso et aI., 1993) . A similar function could be needed in genital discs. Epper (1983b) determined that in early metamorphosis of the female genital disc, the anterior part of the disc protrudes anteriorly, while the posterior lobes evaginate. The sites of the initial protrusion and evagination of the female disc coincide with areas of wg and gsb expression.
Segmentallparasegmental organization of the male disc
A hypothetical model showing how the segmentaV parasegmental organization of the male genital disc could have developed from the embryonic pattern is presented in Fig. 5 . This model shows the localization of segment A8 to the posterior half of the ventral side of the disc, segment A9 to the anterior half of the disc, and segment A10 to the posterior half of the dorsal side of the disc and the posterior lobes (Fig. 5C) .
The segmental and parasegmental organization o[ male discs is similar to female discs. Three regions of en ex- pression identify the posterior compartments of segments A8, A9 and AlD. The posterior compartment of A8 is identified as the thin en band that extends across the center of the ventral side of the disc (Fig. 5C,E) . Since this area has been determined to represent the repressed female primordium (Epper and N6thiger, 1982) and the female primordium is derived from segment AS, the en band in this region must represent pAS. Mosaic fate-map analyses have localized the male primordium, derived from segment A9, to the anterior half of the disc (Bryant and Hsei, 1977) . The large band of en expression in the dorsal half of the anterior bulbi is located in the area determined to be the male primordium. Therefore, this en band must represent pA9 (Fig. 5E) . A double stain of hh and cad clearly shows that the pA9 hh band, located in the anterior bulbi, is not expressed coincident with cad, but that cad and hh appear to abut in this region. cad, therefore, localizes segment AIO and is not expressed parasegmentally as previous studies have shown in embryos (Macdonald and Struhl, 19S6) . The third en and hh bands, located on the rim of the posterior lobes, identify pAlO. Since they are expressed coincident with cad, and cad identifies segment AIO, this en and hh region must represent pAlO.
As in female discs, wg is expressed in cells adjacent to en and so continues to be expressed in anterior compartments. The thin wg band located in the center of the ventral side of the disc abuts en along its entire margin and must represent aAS. Although this wg band is located posterior to en in the genital disc, it was positioned anterior to en in embryos (see model in Fig. 5B,C) . As in female discs, segment AS folds ventrally to form the ventral side of the disc, thus reversing the anterior-posterior orientation (Littlefield and Bryant, 1979b; Epper and Nothiger, 19S2) . wg expression in the anterior bulbi and posterior lobes of the disc does not abut en along its entire margin. The expanded expression of wg in male discs also suggests that wg has assumed a different function in genital discs than that seen in embryos. Again, as in female discs, wg is expressed at the most proximal and most distal ends of the disc with gsb coincident with proximal wg expression.
To localize anterior compartments within the male disc, dpp serves as the most suitable marker. dpp expression is located adjacent and ventral to en in the anterior bulbi and, therefore, marks the border between PS14 (pAS-aA9) and PS15 (pA9-aAlO). PS14 extends ventrally to include the thin en band (pAS) located in the mid-ventral region of the disc. Anterior A9 must, therefore, be expressed in the anterior-ventral region of the disc. The anterior limit of aA9 in male genital discs is where dpp abuts en in the anterior bulbi. The posterior limit of aA9 occurs where the thin ventral en band begins.
The thin, ventral en band is also associated with dpp expression on its lateral ends. If this en band represents pAS, the adjacent thin wg and lateral dpp bands must represent aAS. Since there is no abd-A expression in male discs, aAS cannot be localized in its entirety. The anterior limit of aAS occurs where wg abuts en in the mid-ventral region of the disc; however, the posterior limit cannot be determined. A third band of dpp extends along the lateral rim of the posterior lobes and is expressed anterior to en on the posterior lobes. The en and dpp association in this area must mark the border between PS15 and PSI6. en, dpp, and wg all converge in this region of the posterior lobes which also coincides with cad expression. Because cad expression extends beyond this point, it is possible that cad is expressed in segment All as well as AIO. This would be consistent with embryonic expression of cad where distribution extends from AIO into the anal plates (Macdonald and Struhl, 19S6; Kuhn et aI., 1995) . However, as in the female discs, aAI0 could have migrated posteriorly when the genital discs were formed. Lack of Abd-B expression in the posterior part of the dorsal side of the disc and along the posterior edge also suggests a possible segment All. If Abd-B is expressed through PS15 (pA9-aAlO), the lack of Abd-B expression in this region would localize pAlO or aAll. Since en and hh are not expressed in this region, this area cannot be a posterior compartment. It may therefore, represent aA 11. wg is also expressed medially along the posterior edge of the dorsal epithelium, possibly marking aA 11.
Materials and methods
Drosophila stock maintenance
Drosophila stocks were maintained at approximately 25°C on a standard medium consisting of cornmeal, agar, brewer's yeast, sucrose, dextrose, proprionic acid and phosphoric acid. Methylparaben was added to the surface of the medium to suppress mold growth.
Drosophila stocks used
(1) Canton-S wild-type strain; used to determine the protein expression of en, ci, gsb, cad, wg-Iac'UCyO (1-en-ll) , transformed strain that expresses the E. coli ~-galactosidase gene under the control of the wg promoter (Kassis et aI., 1992) . (3) hh-IacZ (P2023-44), transformed strain that expresses the E. coli ~ galactosidase gene under the control of the hh promoter (Tabata et aI., 1992) . (4) dpp-IacZ/+; transformed strain that expresses the E. coli ~-galactosidase gene under the control of the dpp promoter (Blackman et al., 1991) .
Fixation of genital discs References
Male and female 3rd instar larvae were separated in phosphate buffered saline solution, larvae cut in half, posterior ends inverted and placed immediately in a 1.5 ml microcentrifuge tube containing a fixation solution of either 0.2% glutaraldehyde in PBT for X-gal staining, or 2% formalin for antibody and double labeling.
Detection of f3-galactosidase and antibody staining of genital discs
Fixation and detection of ~-gal activity followed the general procedure of Hama et al. (1990) . The antibody staining protocols followed those of Kuhn et al. (1995) for en, cad, and gsb, while ci was detected as given in Slusarski et al. (1995) , abd-A detected as given in Macias et al. (1990) and Abd-B detected as given in Celniker et al. (1989) .
Mounting of genital discs
To mount the discs after X-gal or antibody staining, the posterior larval halves were transferred in 80% glycerol to a microscope slide using a WOO-Ill micropipette. The slide was placed under a dissecting microscope and the discs dissected from the larvae. The discs were then transferred to a depression well of a hanging-drop slide containing 80% glycerol. The three-dimensional staining pattern was analyzed and photographed at various angles by turning each disc with a tungsten needle while viewing the discs under a Zeiss Universal microscope with Nomarski optics at 160x magnification.
Double labeling technique
With the exception of hh, all X-gal and antibody double stains were performed by staining for the antibody first, followed by X-gal staining to detect ~-gal. For double labeling using hh, the X-gal staining procedure was performed followed by antibody staining.
